The metabolic consequences of hydroperoxide perfusion on the isolated rat heart.
Perfusion of rat hearts with Krebs-Henseleit bicarbonate buffer containing low concentrations of hydrogen peroxide or t-butylhydroperoxide (50-500 microM) caused an imbalance in the relative synthesis versus utilization rates of ATP, leading to a net hydrolysis of ATP and phosphocreatine. Hydrogen peroxide also caused an 80% inactivation of glyceraldehyde-3-phosphate dehydrogenase, resulting in an inhibition of glycolysis and a rapid accumulation of sugar phosphates as detected with 31P-NMR spectroscopy. This inhibition was partially reversible with peroxide-free perfusion, resulting in a cessation of high-energy-phosphate hydrolysis and a decrease in the accumulated inorganic phosphate and sugar phosphate. t-Butylhydroperoxide toxicity was irreversible. Providing an alternative, non-glycolytic substrate (butyrate) did not protect against the toxicity of hydrogen peroxide, but altered the relative importance of sugar phosphate formation versus ATP hydrolysis. Experiments with heart homogenates in vitro suggest that the inhibition of glyceraldehyde-3-phosphate dehydrogenase is a consequence of a direct reaction of the enzyme with hydrogen peroxide or one of its metabolites. Hearts subjected to total global ischemia (10-20 min), followed by reperfusion with oxygenated buffer, showed no detectable inactivation of glyceraldehyde-3-phosphate dehydrogenase, indicating that ischemia and reperfusion do not result in the production of high global concentrations of hydrogen peroxide.